"Abstract: The C-3 substituted phenylazo derivatives of lawsone (2-hydroxy-l,4 p-naphthoquinone, IIl) were synthesized and characterized. The X-ray crystal structure was determined for the ligand 3-(3'-methyl phenylazo)lawsone. The copper complexes of these derivatives were found to possess 1:2 metal stoichiometry and square planar geometries with intermolecular stackings, resulting in antiferromagnetic exchange interactions. The in vitro activity of all the synthesized compounds was examined against human breast cancer cell-line, MCF-7, which revealed enhanced activities for the metal complexes, the highest activity being observed for the copper compound of 3-(3'-methyl phenylazo) lawsone.
anticancer activity7'8. Recently it has been shown by Couladouros et al. 9 that the 1,4 naphthoquinones bearing at least one phenolic hydroxyl group are potent inhibitors of topoisomerase enzymes. The ability of these ligands to complex divalent metal ions such as +2 +2 +2
Zn Cu ,Mg parallels their topoisomerase inhibition property and is thought to be the underlying mechanism of their anticancer activity. It is also an effective chelator of divalent and trivalcnt metal ions due to its juxtaposed phenolic hydroxyl and kcto groups . The C-3 substituted derivatives of lawsonc are particularly important since substitution at this position has been known to modulate its 5a b 16 17 18 redox potential ', liposolubility and the propensity of metal complcxation To the best of our knowledge, the ability of the metal complexes of C-3 substituted lawsonc derivatives to act as antitumor agents has so far not been examined. In the present report we describe synthesis, structural characterization and in vitro anticancer activities of a series of C-3 substituted phenylazo derivatives of lawsone and their copper complexes against the human breast cancr cell line MCF-7, which reveals enhanced antitumor activities for the metal complexes. ). The data were collected at 293K on an orange crystal of 3-(3'-methyl phenylazo) lawsone (HMPAL2), H2 N2 03, having dimensions 0.35x 0.25x 0.25 mm. Full matrix least squares refinement of the setting angles (1.97-25.01) yielded a monoelinic cell with a 6.930 (2) ,, b 4.851 (2) , . , c 20.782 (8) 90.000,,1 95.38 , y= 90.00 , V--695.5(4) -3. For Z--2 and FW= 292.29, the calculated density was 1.396 mg/m .B ased on the systematic absences, packing considerations, statistical analysis of the intensity distribution and the solution refinement of the structure, the space group was determined to be P21 /n. The structure refinement was done using SHELXL-93t. Of the 1334 reflections collected 1225 were unique (R 0,1012 Many atoms coincide and it was necessary to apply bond length constraints. Refinement using TWIN routine was unsuccessful confirming the distorted nature of the structure opposed to racemic twinning. Anticancer activity assay
The breast tumor cell line, MCF-7, was maintained in RPMI culture medium (Gibco), containing penicillin (50U/ml) streptomycin (50 mg/ml) amphoteracin ( The analytical and spectroscopic data on the ligands and their copper complexes are summarised in Table 1 . Which clearly indicates that all copper complexes possess 1:2 metal to ligand stoichiometry. A perspective view of the HMPAL2 structure is shown in Figure 2 . ) linkage is characteristic of the azo form at least in the solid state 24 although azo / hydrazone tautomerism has been noted earlier for this series of compounds by Padhye et al. 25 . Table 2 shows the selected bond lengths for HMPAL2 while Table 3 gives the comparative data on the bond distances in related 1,4-naphthoquinones with C-3 substituted lawsone. It clearly indicates that the present compound crystallizes in a 1,2-naphthoquinone compound rather than as a 1,4 naphthoquinone moiety from a polar solvent like acetonitrile. (2) H NMR data for the ligands indicates the absence of a signal due to the olefinic proton (5 6.36 ppm) at C-3 position in lawsone 26 confirming the substitution of the azo chromophore at that position. A sharp singlet at 52.4 ppm is due to the methyl protons on the arylazo ring while the multiplate observed at 57.8 ppm is typical of the benzenoid protons of the quinone moiety27. Table-4 The ortho-hydroxynaphthoquinones are known to exhibit an intense quinonoid absorption around 240-260 nm and a broad weak local excitation band around 420-430 nm respectively6. The C-3 substituted phenylazo lawsone derivatives described presently show similar absorptions with increased intensities for the band at 430-450 nm due to the extended conjugation. The electronic spectra for the copper complexes show a weak intensity band around 500-600 nm characteristic of dxy --->dz transition in a square planar copper environment 30a,.b. Similar absorption has been noted in case of the square planar copper compound of 4,7-dimethyl-l,10-phenanthroline3. The magnetic moments of the present copper compounds at 300K fall in the range of 1.54-1.58 BM typical of square planar compounds undergoing antiferromagnetic exchange interactions due to stacking arrangements. Similar intermolecular spin coupling interactions have been observed by Pierpont et al. 3-in case of many ortho-quinone metal complexes. On the basis of the above structural data we would like to propose following tentative structure for the present copper compounds (Figure 3) . The cyclic voltammetric profiles of the ligand HMPAL2 and its copper complex in DMF are shown in Figure 4 as a representative example of the present class of compounds. The redox potentials for other compounds are included in Table 1 . It is observed that HMPAL2 ligand exhibits three reduction peaks at 0.637, 1.425 and -1.737 Volts respectively corresponding to the deprotonation, quinone to semiquinone and semiquinone to catechol conversion processes according to Bodini et al. 33 The latter two peaks are reversible while the former is irreversible. On complexation the deprotonation peak is found to be absent confirming the absence of hydroxyl group while the quinone to semiquinone peak is shifted to more positive potentials viz. -1.275 Volts maintaining its reversibility. The Cu +:/+ redox couple is observed in case of the copper complexes, centred at +0.32 to +0.38V. The peak corresponding to the semiquinone to catechol conversion is found to be absent in the copper complexes. The facile one-electron redox cycles observed for the copper compounds are known to generate reactive 
